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(54) SOLENOID VALVE CONTROL DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance the valve 
opening control characteristics of a solenoid valve 
compatibly with achievement of low cost. 
SOLUTION: A bias current control circuit 46 is the one 
for feeding a definite bias current to a solenoid^coil^O of 
a purge control valve (solenoid operated), in which a 
series circuitry of a switching element 47 such as 
MOSFET for control of the bias current and a current 
sensing resistance 48 is installed parallel with a 
switching element 42 for duty control. The bias current 
flowing in the solenoid coil 40 is detected by the 
resistance 48, and the control circuit 46 controls the 
operation of the switching element 47 so that the bias 
current becomes identical to the target. The target for the 
bias current is set so that the valve closing force of a spring at the time of valve closing is 
canceled substantially by the electromagnetic force in opening direction of the purge control 
valve based on the bias current. This enables to eliminate substantially a dislocation of the 
opening timing of the purge control valve even though a variation exists in the source voltage 
and/or coil temperature. 
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CLAIMS 


[Claim(s)] 

[Claim 1] The solenoid-valve control device characterized by having the bias current control means 
which passes a predetermined bias current to said solenoid coil in the solenoid- valve control device , 
which energizes the valve element of a solenoid valve in the direction of clausilium with a spring, resists 
said spring, drives said valve element in the valve-opening direction by passing a current to the solenoid 
coil of this solenoid valve, and controls the opening of a solenoid valve. 
[Claim 2] Said bias current control means is a solenoid- valve control unit according to claim 1 
characterized by setting up said bias current so that the electromagnetic force of the valve-opening 
direction by said bias current may cancel mostly the clausilium force with said spring at the time of 
clausilium. 

[Claim 3] Said bias current control means is a solenoid- valve control unit according to claim 1 or 2 
characterized by turning off said bias current when the clausilium condition of said solenoid valve 
continues beyond predetermined time. :M 1C m 

[Claim 4] Said solenoid valve is a solenoid-valve control unit according to claim 1 to 3 characterized by 
being prepared as a purge control valve in the middle of the purge path which purges the evaporative gas 
produced from the inside of a fuel tank to an internal combustion engine's inlet pipe. 


[Translation done.] 
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DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the solenoid-valve control unit which has improved the 

valve-opening property of a solenoid valve. ' - V* 

[0002] 

[Description of the Prior Art] Conventionally, the solenoid valve is used abundantly as a means to 
control the flow of various fluids, for example, the solenoid valve is used by automobile as a purge 
control valve, an idle speed control valve (ISCV), etc. of an evaporative gas purge system. The canister 
which adsorbs evaporative gas in the middle of and a purge control valve are prepared, it is controlling 
this purge control valve, and the amount of purges of the evaporative gas purged from a canister to an 
inlet pipe is controlled. [ the purge path which purges the evaporative gas (evaporated gas) with which 
the fuel in a fuel tank evaporated and produced the evaporative gas purge system here to an internal 
combustion engine's inlet pipe ] 

[0003] the electromagnetism for which current and the purge control valve currently used used the 
solenoid valve - although there is a negative pressure drive type (refer to JP,62-153553,A) using the 
pneumatic bulb which makes a pressure source inlet-pipe negative pressure besides a drive type, since it 
is necessary to prepare piping which introduces inlet-pipe negative pressure, there is a fault which 
becomes cost quantity by the negative pressure drive formula. 

[0004] on the other hand - electromagnetism - the purge control valve (refer to JP, 10-9009, A) of a 
drive type controls the amount of purges of evaporative gas by controlling the ratio of the valve-opening 
time amount (ON time amount) of a purge control valve, and clausilium time amount (off time amount). 
However, if valve opening/clausilium of a purge control valve (purge activation / halt) are repeated 
frequently, since the amount of evaporative gas purges which flows into an inlet pipe from a canister 
will pulsate, the air- fuel ratio of the gaseous mixture inhaled in an internal combustion engine's gas 
column will be confused, and emission and drivability will get worse. In order to improve this, there are 
some which control the opening of a purge control valve by carrying out duty control of the applied 
voltage to a linear solenoid, and controlled the amount of purges of evaporative gas by it using the purge 
control valve which makes a linear solenoid a driving source. 
[0005] 

[Problem(s) to be Solved by the Invention] By the way, since the spring which energizes a valve element 
in the direction of clausilium is built in a purge control valve (solenoid valve) and a clausilium condition 
is maintained according to this spring force, in order to open, it is necessary to generate at least only the 
electromagnetic force (valve-opening force) which overcomes the clausilium force with a spring in a 
solenoid. 

[0006] During car operation, since supply voltage is changed or coil resistance changes with change of 
coil temperature, as the applied voltage to a solenoid shown to drawing 4 (b) in the method which 
carries out duty control, the current value which flows to a solenoid coil by fluctuation of supply voltage 
or change of coil temperature will change, the electromagnetic force of a solenoid will change a lot, and 
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the duty signal DUTY in case a purge control valve actually begins to open from a clausilium condition 
will change a lot. 

[0007] In order for the amount of purges of evaporativfrgas to increase rapidly and to make an air-fuel 
ratio change suddenly immediately after valve opening of a purge control valve, Although it is desirable 
to amend an air-fuel ratio according to the amount of purges to valve opening and coincidence of a 
purge control valve, in the conventional duty control system Since the valve-opening timing of a purge 
control valve shifts greatly by fluctuation of supply voltage, or change of coil temperature as shown in 
drawing 4 (b), An engine control circuit cannot understand valve-opening timing of an actual purge 
control valve, and sudden change of the air-fuel ratio by valve opening of a purge control valve cannot 
be amended with a sufficient precision. 

[0008] In order to cancel this fault, there are some which adopted the purge control valve of the current 
control system which controls electromagnetic force (coil current value) by carrying out feedback 
control of the current passed to a solenoid coil in recent years not to be influenced [ fluctuation of supply 
voltage or ] by coil temperature of change. However, in this current control system, since it is necessary 
to carry out feedback control of the coil current in all fields, the configuration of a control circuit is 
complicated and there is a fault which carries out a cost rise. 

[0009] This invention is made in consideration of such a situation, therefore the purpose is in offering 
the solenoid-valve control unit which can reconcile the improvement in the valve-opening control 
characteristic and low-cost-izing of a solenoid valve. 
[0010] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the solenoid-valve 
control device of claim 1 of this invention is passing a predetermined bias current to a solenoid coil by 
the bias current control means, and generates the ele^giagnetic force of the valve-opening direction 
which opposes the clausilium force with a spring. A gap' Of the valve-opening timing of a solenoid valve 
decreases, so that the electromagnetic force of the valve-opening direction by this bias current 
approaches the clausilium force with a spring (refer to drawing 4 ). Therefore, if duty control is 
performed for a bias current with a sink, the opening of a solenoid valve is controllable with a sufficient 
precision from the conventional duty control. And it is not necessary to carry out feedback control of the 
coil current in all fields, and, unlike a current control system, easy circuitry can be adopted. 
[001 1] In this case, it is desirable to set up a bias current like claim 2, so that the electromagnetic force 
of the valve-opening direction by the bias current may cancel mostly the clausilium force with the spring 
at the time of clausilium. If it does in this way, even if there are fluctuation of supply voltage and change 
of coil temperature, a gap of the valve-opening timing of a solenoid valve can be lost mostly. 
[0012] Moreover, when the clausilium condition of a solenoid valve continues beyond predetermined 
time, you may make it turn off a bias current like claim 3. That is, while being able to avoid the 
increment in power consumption and coil temperature rise by the bias current in the clausilium of a 
solenoid valve if a bias current is turned off since it is not necessary to pass a bias current when the 
clausilium condition of a solenoid valve continues for a long time, the clausilium force with a spring can 
be used certainly and a solenoid valve can be certainly held in the clausilium condition. 
[0013] Although the solenoid-valve control unit of this invention explained above can apply the flow of 
various fluids to the system controlled by the solenoid valve, if it applies to an evaporative gas purge 
system, big effectiveness will be especially acquired like claim 4. That is, in order for the amount of 
purges of evaporative gas to increase rapidly and t^makfoan air- fuel ratio change suddenly immediately 
after valve opening of a purge control valve, it is desirable to amend an air- fuel ratio according to the 
amount of purges to valve opening and coincidence of a purge control valve. Since a gap of valve- 
opening timing is few (or zero) as compared with the conventional duty control system, the solenoid- 
valve control device of this invention becomes possible [ amending sudden change of the air-fuel ratio 
by valve opening of a purge control valve with a sufficient precision ], and can improve the emission 
and drivability at the time of purge control. 
[0014] 

[Embodiment of the Invention] Hereafter, 1 operation gestalt which applied this invention to the 
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evaporative gas purge system is explained based on a drawing. First, the outline configuration of the 
whole system is explained based on drawing 3 . An air cleaner 1 3 is formed in the upstream of the inlet 
pipe 12 of an engine 11, and the air which passed this air cleaner 13 is inhaled by each gas column of an 
engine 1 1 through a throttle valve 14. Moreover, a fuel injection valve 16 is formed in the suction port 
of each gas column of an inlet pipe 12, and the fuel in a fuel tank 17 (gasoline) is sent to each fuel 
injection valve 16 through a fuel line 19 by the fuel pump 1 8. 

[0015] Next, the configuration of the evaporative gas purge system 21 is explained. A canister 23 is 
connected to a fuel tank 1 7 through the communicating tube 22, and it is adsorbed by adsorbent 24, such 
as activated carbon held in this canister 23, in evaporative gas. The atmospheric-air communicating tube 
25 which is open for free passage to atmospheric air is formed in the bottom surface part of this canister 
23, and the canister lock out valve 26 is attached in this atmospheric-air communicating tube 25. This 
canister lock out valve 26 is constituted by the solefibid; valve of a normally open mold, during purge 
control, is maintained by the OFF state (valve-opening -condition), and is held at the condition that the 
inside of a canister 23 was wide opened by atmospheric air. 

[0016] On the other hand, between a canister 23 and an inlet pipe 12, the purge paths 30a and 30b for 
purging the evaporative gas with which adsorbent 24 was adsorbed to an inlet pipe 12 (emission) are 
formed, and the purge control valve 31 which adjusts a purge flow rate between this purge path 30a and 
30b is formed in it. This purge control valve 31 is constituted by the solenoid valve of a normally closed 
mold, and is held in the clausilium condition with the built-in spring (not shown) at the time of OFF. 
This purge control valve 3 1 is controlled by the microcomputer (not shown) and the purge control 
circuit 33 (refer to drawing 1 ) which were prepared in the engine control circuit 32. The microcomputer 
in the engine control circuit 32 calculates the target opening (rate of a target purge) of the purge control 
valve 3 1 according to an engine operation condition, and outputs the duty signal Duty according to the 
target opening to the purge control circuit 33. 

[0017] Next, the configuration of the purge control circuit 33 is explained based on drawing 1 . The 
comparator 35 is built in the input interface circuitry 34 of the purge control circuit 33. The duty signal 
Duty outputted from the microcomputer in the engine control circuit 32 is inputted into - input terminal 
of this comparator 35, and the reference voltage Vth by which the partial pressure was carried out by the 
resistance ratio of the partial pressure circuit 36 is inputted into + input terminal of this comparator 35. 
The duty signal Duty is compared with reference voltage Vth, as shown in drawing 2 , when the duty 
signal Duty is high level (Duty>Vth), the output of this comparator 35 serves as a low level, and when 
the duty signal Duty is a low level (Duty<Vth), it becQnxes high-level outputting [ of this comparator 
3 5 ] a comparator 35. : - 1 ' 

[0018] The output (signal which reversed the duty signal Duty) of this comparator 35 is inputted into the 
duty control circuit 37, the bias current ON / off circuit 38, and the fail-safe circuit 39, respectively. The 
duty control circuit 37 is a circuit which carries out duty control of the energization to the solenoid coil 
40 of the purge control valve 31, and consists of AND circuit 41 and switching elements 42, such as 
MOSFET driven with the output of this AND circuit 41 . The output of a comparator 35 and the output 
of bias current ON / OFF circuit 38 are inputted into both the input terminals of AND circuit 41 , only 
when both inputs of both are high-level, the output of AND circuit 41 is reversed high-level, and the 
switching element 42 for duty control turns on. Since this switching element 42 is formed all over the 
energization circuit of a solenoid coil 40, if a switching element 42 turns on, a current will flow to a 
solenoid coil 40. 

[0019] For bias current ON / off circuit 38, the clausilium condition of the purge control valve 31 is 
fixed time amount Td. When it continues above, it is the circuit which turns off the bias current of a 
solenoid coil 40, and it consists of the edge detectors 43, the timers 44, and carry signal output circuit 45 
grades which detect the start of the output of a comparator 35, and the edge of a fall. The edge detector 
43 clears a timer 44, when the edge of the start of the output of a comparator 35 and either of the falls is 
detected. When this timer 44 counts the elapsed time after clear and that counted value reaches fixed 
time amount Td (time amount of at least several times or more of the period of the duty signal Duty), 
That is, the condition (clausilium condition of the purge control valve 31) that the start / fall edge of the 
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output of a comparator 35 are not detected is fixed tim^amount Td. When it reaches A carry signal is 
outputted from the carry signal output circuit 45, and the output of bias current ON / off circuit 38 is 
reversed to a low level with this carry signal. This low-level signal is inputted into the duty control 
circuit 37 and the bias current control circuit 46 mentioned later, respectively, and will be in the 
condition that actuation of both sides was forbidden. Thereby, the bias current of a solenoid coil 40 is 
turned off. 

[0020] If the edge of the start of the output of a comparator 35 and either of the falls is detected after [ of 
a bias current ] off, and in the edge detector 43, at the time, the output of bias current ON / off circuit 38 
is reversed high-level, and it will be in the condition that actuation of the duty control circuit 37 and the 
bias current control circuit 46 was permitted. Thereby, a bias current flows again to a solenoid coil 40. 
[0021] The bias current control circuit 46 is a circuit which passes a fixed bias current to a solenoid coil 
40, and is established in the switching element 42 for duty control and juxtaposition which the series 
circuit of the switching elements 47, such as MOSFET which controls a bias current, and the current 
detection resistance 48 mentioned above. The bias current which flows to a solenoid coil 40 flows to the 
current detection resistance 48 through the switching element 47 for bias current control, and the 
electrical potential difference Vbias according to a bias current generates it in this current detection 
resistance 48. This electrical potential difference Vbias is the reference voltage Vref for a bias current 
setup by which was inputted into - input terminal of a comparator 50, and the partial pressure was 
carried out to + input terminal of this comparator 50 by the resistance ratio of the partial pressure circuit 
51 . It is inputted. A comparator 50 is the bias current detection electrical potential difference Vbias and 
reference voltage Vref. It compares and an output i&swijched to high level/low level according to the 
comparison result. The output of this comparator 50 is-inputted into one input terminal of AND circuit 
49, and the output of bias current ON / off circuit 38 is inputted into the input terminal of another side of 
this AND circuit 49. With the output of this AND circuit 49, a switching element 47 drives and a fixed 
bias current is passed by the solenoid coil 40. 

[0022] During duty control (under purge control), since one input (output of bias current ON / off circuit 
38) of AND circuit 49 is maintained high-level, the output level of AND circuit 49 is switched 
according to the output of the comparator 50 inputted into the input terminal of another side. Thereby, 
the bias current which flows to a solenoid coil 40 is reference voltage Vref. ON/OFF of the switching 
element 47 for bias current control are controlled to become the set-up desired value. In this case, the 
desired value (reference voltage Vref) of a bias current is set up so that the electromagnetic force of the 
valve-opening direction of the purge control valve 3 1 by the bias current may cancel mostly the 
clausilium force with the spring at the time of clausilium. The bias current control circuit 46, and the 
bias current ON / off circuit 38 explained above functions as a bias current control means as used in the 
field of a claim. 

[0023] On the other hand, the fail-safe circuit 39 consists of a malfunction detection circuit 53 which 
detects the abnormalities of the purge control circuit 33, a charge pump 54 which carries out the pressure 
up of the supply voltage (+B), and switching elements 55, such as MOSFET driven with this charge 
pump 54, and the switching element 55 is connected all over the energization circuit of a solenoid coil 
40. While the purge control circuit 33 is operating normally, a driving signal is outputted to the charge 
pump 54 from the malfunction detection circuit 53,Jhe charge pump 54 drives, and a switching element 
55 is held at an ON state. And if the malfunction detep&pn circuit 53 detects the abnormalities of the 
purge control circuit 33, the drive of the charge pump 54 will be stopped, a switching element 55 will 
turn off, and the energization to a solenoid coil 40 will be intercepted. In addition, the diode 52 for surge 
absorption is connected to the solenoid coil 40 at juxtaposition. ^ 

[0024] With the operation gestalt explained above, while passing a fixed bias current to the solenoid coil 
40 of the purge control valve 3 1 by the bias current control circuit 46 Since a bias current is controlled 
so that the electromagnetic force of the valve-opening direction by the bias current cancels mostly the 
clausilium force with the spring at the time of clausilium As shown in drawing 4 (a), even if 
electromagnetic force (valve-opening force) changes with fluctuation of supply voltage, or change of 
coil temperature, a gap of the valve-opening timing of the purge control valve 3 1 can be lost mostly. For 
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this reason, even if it judges the valve-opening timing of the purge control valve 3 1 from the duty signal 
Duty and amends fluctuation of the air-fuel ratio by purge control, it becomes possible to perform this 
air-fiiel ratio amendment with a precision more sufficient than [referring to drawing 4 (b)] 
conventionally, and the emission and drivability at the time of purge control can be improved. And it is 
not necessary to carry out feedback control of the coil current in all fields, unlike a current control 
system, easy circuitry can be adopted, and the demand of low-cost-izing can be filled. 
[0025] In addition, although it set up with the above-mentioned operation gestalt so that the 
electromagnetic force of the valve-opening direction by the bias current might cancel mostly the 
clausilium force with the spring at the time of clausilium, the electromagnetic force of the valve-opening 
direction by the bias current may be set as either, such as --, the clausilium force with the spring at the 
time of clausilium, for example, 90%, 80%, and 70% A^ a P of the valve-opening timing of a solenoid 
valve decreases, so that from drawing 4 and the electromagnetic force of the valve-opening direction by 
the bias current approaches the clausilium force with a spring. Therefore, if it compares with [refer to 
drawing 4 (b)] conventionally even when the electromagnetic force of the valve-opening direction by the 
bias current is smaller than the clausilium force with the spring at the time of clausilium, a gap of valve- 
opening timing can be lessened and the valve-opening property of the purge control valve 3 1 can be 
improved. 

[0026] Moreover, at the above-mentioned operation gestalt, the clausilium condition of the purge control 
valve 3 1 is fixed time amount Td. While being able to avoid the increment in power consumption and 
coil temperature rise by the bias current in the clausilium of the purge control valve 3 1 since the bias 
current of a solenoid coil 40 was turned off by bias current ON / OFF circuit 38 when it continues 
above, the clausilium force with a spring can be used certainly and the purge control valve 3 1 can be 
certainly held in the clausilium condition. 

[0027] In addition, although the condition that the bias current was turned off will continue with the 
above-mentioned operation gestalt until the start / fall edge of the output (signal which reversed the duty 
signal Duty) of a comparator 35 are detected after that once a bias current is turned off for example, 
when the bias current is turned off Before outputting the duty signal Duty from the microcomputer in the 
engine control circuit 32 The pulse for resumption of bias current energization is outputted, and after 
reversing the output of bias current ON / off circuit 38 high-level and resuming energization of a bias 
current by this pulse, you may make it output the duty signal Duty. 

[0028] Moreover, although diode 52 was used as a liieapsito absorb the surge voltage by the solenoid 
coil 40, with the above-mentioned operation gestalt, it may replace with this and the surge absorber 
which used zener diode, a CR circuit, etc. may be used. Moreover, switching elements 42, 47, and 55 
may be replaced with MOSFET, and other switching elements, such as a bipolar transistor, IGBT, and a 
thyristor, may be used for them. 

[0029] In addition, this invention is applicable also to the control device of various kinds of solenoid 
valves which are not limited to the control device of a purge control valve, for example, are used for 
automobiles, such as an idle speed control valve (ISCV), and various kinds of solenoid valves used in 
addition to an automobile. 


[Translation done.] 
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TECHNICAL FIELD 


[Field of the Invention] This invention relates to the solenoid- valve control unit which has improved the 
valve-opening property of a solenoid valve. 
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TECHNICAL FIELD 


[Field of the Invention] This invention relates to the solenoid-valve control unit which has improved the 
valve-opening property of a solenoid valve. 
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TECHNICAL PROBLEM 


[Problem(s) to be Solved by the Invention] By the way, since the spring which energizes a valve element 
in the direction of clausilium is built in a purge control valve (solenoid valve) and a clausilium condition 
is maintained according to this spring force, in order to open, it is necessary to generate at least only the 
electromagnetic force (valve-opening force) which overcomes the clausilium force with a spring in a 
solenoid. 

[0006] During car operation, since supply voltage is changed or coil resistance changes with change of 
coil temperature, as the applied voltage to a solenoid shown to drawing 4 (b) in the method which 
carries out duty control, the current value which flows to a solenoid coil by fluctuation of supply voltage 
or change of coil temperature will change, the electromagnetic force of a solenoid will change a lot, and 
the duty signal DUTY in case a purge control valve actually begins to open from a clausilium condition 
will change a lot. 

[0007] In order for the amount of purges of evaporative gas to increase rapidly and to make an air-fuel 
ratio change suddenly immediately after valve opening of a purge control valve, Although it is desirable 
to amend an air- fuel ratio according to the amount of purges to valve opening and coincidence of a 
purge control valve, in the conventional duty control system Since the valve-opening timing of a purge 
control valve shifts greatly by fluctuation of supply voltage, or change of coil temperature as shown in 
drawing 4 (b), An engine control circuit cannot understand valve-opening timing of an actual purge 
control valve, and sudden change of the air- fuel ratio by valve opening of a purge control valve cannot 
be amended with a sufficient precision. 

[0008] In order to cancel this fault, there are some which adopted the purge control valve of the current 
control system which controls electromagnetic force (coil current value) by carrying out feedback 
control of the current passed to a solenoid coil in recent years not to be influenced [ fluctuation of supply 
voltage or ] by coil temperature of change. However, in this current control system, since it is necessary 
to carry out feedback control of the coil current in all fields, the configuration of a control circuit is 
complicated and there is a fault which carries out a cost rise. 

[0009] This invention is made in consideration of such a situation, therefore the purpose is in offering 
the solenoid-valve control unit which can reconcile the improvement in the valve-opening control 
characteristic and low-cost-izing of a solenoid valve. 


[Translation done.] 
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MEANS 


[Means for Solving the Problem] In order to attain the above-mentioned purpose, the solenoid- valve 
control device of claim 1 of this invention is passing a predetermined bias current to a solenoid coil by 
the bias current control means, and generates the electromagnetic force of the valve-opening direction 
which opposes the clausilium force with a spring. A gap of the valve-opening timing of a solenoid valve 
decreases, so that the electromagnetic force of the valve-opening direction by this bias current 
approaches the clausilium force with a spring (refer to drawing 4 ). Therefore, if duty control is 
performed for a bias current with a sink, the opening of a solenoid valve is controllable with a sufficient 
precision from the conventional duty control. And it is not necessary to carry out feedback control of the 
coil current in all fields, and, unlike a current control system, easy circuitry can be adopted. 
[001 1] In this case, it is desirable to set up a bias current like claim 2, so that the electromagnetic force 
of the valve-opening direction by the bias current may cancel mostly the clausilium force with the spring 
at the time of clausilium. If it does in this way, even if there are fluctuation of supply voltage and change 
of coil temperature, a gap of the valve-opening timing of a solenoid valve can be lost mostly. 
[0012] Moreover, when the clausilium condition of a solenoid valve continues beyond predetermined 
time, you may make it turn off a bias current like claim 3. That is, while being able to avoid the 
increment in power consumption and coil temperature rise by the bias current in the clausilium of a 
solenoid valve if a bias current is turned off since it is not necessary to pass a bias current when the 
clausilium condition of a solenoid valve continues for a long time, the clausilium force with a spring can 
be used certainly and a solenoid valve can be certainly held in the clausilium condition. 
[0013] Although the solenoid-valve control unit of this invention explained above can apply the flow of 
various fluids to the system controlled by the solenoid valve, if it applies to an evaporative gas purge 
system, big effectiveness will be especially acquired like claim 4. That is, in order for the amount of 
purges of evaporative gas to increase rapidly and to make an air- fuel ratio change suddenly immediately 
after valve opening of a purge control valve, it is desirable to amend an air- fuel ratio according to the 
amount of purges to valve opening and coincidence of a purge control valve. Since a gap of valve- 
opening timing is few (or zero) as compared with the conventional duty control system, the solenoid- 
valve control device of this invention becomes possible [ amending sudden change of the air-fuel ratio 
by valve opening of a purge control valve with a sufficient precision ], and can improve the emission 
and drivability at the time of purge control. 
[0014] 

[Embodiment of the Invention] Hereafter, 1 operation gestalt which applied this invention to the 
evaporative gas purge system is explained based on a drawing. First, the outline configuration of the 
whole system is explained based on drawing 3 . An air cleaner 13 is formed in the upstream of the inlet 
pipe 12 of an engine 11, and the air which passed this air cleaner 13 is inhaled by each gas column of an 
engine 1 1 through a throttle valve 14. Moreover, a fuel injection valve 16 is formed in the suction port 
of each gas column of an inlet pipe 12, and the fuel in a fuel tank 17 (gasoline) is sent to each fuel 
injection valve 16 through a fuel line 19 by the fuel pump 18. 

[0015] Next, the configuration of the evaporative g^s piy-ge system 21 is explained. A canister 23 is 
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connected to a fuel tank 17 through the communicating tube 22, and it is adsorbed by adsorbent 24, such 
as activated carbon held in this canister 23, in evaporative gas. The atmospheric-air communicating tube 
25 which is open for free passage to atmospheric air is formed in the bottom surface part of this canister 
23, and the canister lock out valve 26 is attached in this atmospheric-air communicating tube 25. This 
canister lock out valve 26 is constituted by the solenoid valve of a normally open mold, during purge 
control, is maintained by the OFF state (valve-opening condition), and is held at the condition that the 
inside of a canister 23 was wide opened by atmospheric air. 

[0016] On the other hand, between a canister 23 and an inlet pipe 12, the purge paths 30a and 30b for 
purging the evaporative gas with which adsorbent 24 was adsorbed to an inlet pipe 12 (emission) are 
formed, and the purge control valve 31 which adjusts a purge flow rate between this purge path 30a and 
30b is formed in it. This purge control valve 3 1 is constituted by the solenoid valve of a normally closed 
mold, and is held in the clausilium condition with the built-in spring (not shown) at the time of OFF. 
This purge control valve 3 1 is controlled by the microcomputer (not shown) and the purge control 
circuit 33 (refer to drawin g 1 ) which were prepared in the engine control circuit 32. The microcomputer 
in the engine control circuit 32 calculates the target opening (rate of a target purge) of the purge control 
valve 3 1 according to an engine operation condition, and outputs the duty signal Duty according to the 
target opening to the purge control circuit 33. 

[0017] Next, the configuration of the purge control circuit 33 is explained based on drawing 1 . The 
comparator 35 is built in the input interface circuitry 34 of the purge control circuit 33. The duty signal 
Duty outputted from the microcomputer in the engine control circuit 32 is inputted into - input terminal 
of this comparator 35, and the reference voltage Vth by which the partial pressure was carried out by the 
resistance ratio of the partial pressure circuit 36 is inputted into + input terminal of this comparator 35. 
The duty signal Duty is compared with reference voltage Vth, as shown in drawing 2 , when the duty 
signal Duty is high level (Duty>Vth), the output of this comparator 35 serves as a low level, and when 
the duty signal Duty is a low level (Duty<Vth), it becomes high-level outputting [ of this comparator 
35 ] a comparator 35. 

[0018] The output (signal which reversed the duty signal Duty) of this comparator 35 is inputted into the 
duty control circuit 37, the bias current ON / off circuit 38, and the fail-safe circuit 39, respectively. The 
duty control circuit 37 is a circuit which carries out duty control of the energization to the solenoid coil 
40 of the purge control valve 31, and consists of AND circuit 41 and switching elements 42, such as 
MOSFET driven with the output of this AND circuit 41 . The output of a comparator 35 and the output 
of bias current ON / OFF circuit 38 are inputted into both the input terminals of AND circuit 41, only 
when both inputs of both are high-level, the output of AND circuit 41 is reversed high-level, and the 
switching element 42 for duty control turns on. Since this switching element 42 is formed all over the 
energization circuit of a solenoid coil 40, if a switching element 42 turns on, a current will flow to a 
solenoid coil 40. 

[0019] For bias current ON / off circuit 38, the clausilium condition of the purge control valve 31 is 
fixed time amount Td. When it continues above, it iS: the circuit which turns off the bias current of a 
solenoid coil 40, and it consists of the edge detectors 43, the timers 44, and carry signal output circuit 45 
grades which detect the start of the output of a comparator 35, and the edge of a fall. The edge detector 
43 clears a timer 44, when the edge of the start of the output of a comparator 35 and either of the falls is 
detected. When this timer 44 counts the elapsed time after clear and that counted value reaches fixed 
time amount Td (time amount of at least several times or more of the period of the duty signal Duty), 
That is, the condition (clausilium condition of the purge control valve 31) that the start / fall edge of the 
output of a comparator 35 are not detected is fixed time amount Td. When it reaches A carry signal is 
outputted from the carry signal output circuit 45, and the output of bias current ON / off circuit 38 is 
reversed to a low level with this carry signal. This low-level signal is inputted into the duty control 
circuit 37 and the bias current control circuit 46 mentioned later, respectively, and will be in the 
condition that actuation of both sides was forbidden. Thereby, the bias current of a solenoid coil 40 is 
turned off. 

[0020] If the edge of the start of the output of a comparator 35 and either of the falls is detected after [ of 
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a bias current ] off, and in the edge detector 43, at the time, the output of bias current ON / off circuit 38 
is reversed high-level, and it will be in the condition that actuation of the duty control circuit 37 and the 
bias current control circuit 46 was permitted. Thereby, a bias current flows again to a solenoid coil 40. 
[0021] The bias current control circuit 46 is a circuit which passes a fixed bias current to a solenoid coil 
40, and is established in the switching element 42 for duty control and juxtaposition which the series 
circuit of the switching elements 47, such as MOSF£T . \yhich controls a bias current, and the current 
detection resistance 48 mentioned above. The bias current which flows to a solenoid coil 40 flows to the 
current detection resistance 48 through the switching element 47 for bias current control, and the 
electrical potential difference Vbias according to a bias current generates it in this current detection 
resistance 48. This electrical potential difference Vbias is the reference voltage Vref for a bias current 
setup by which was inputted into - input terminal of a comparator 50, and the partial pressure was 
carried out to + input terminal of this comparator 50 by the resistance ratio of the partial pressure circuit 
51. It is inputted. A comparator 50 is the bias current detection electrical potential difference Vbias and 
reference voltage Vref. It compares and an output is switched to high level/low level according to the 
comparison result. The output of this comparator 50 is inputted into one input terminal of AND circuit 
49, and the output of bias current ON / off circuit 38 is inputted into the input terminal of another side of 
this AND circuit 49. With the output of this AND circuit 49, a switching element 47 drives and a fixed 
bias current is passed by the solenoid coil 40. 

[0022] During duty control (under purge control), since one input (output of bias current ON / off circuit 
38) of AND circuit 49 is maintained high-level, the output level of AND circuit 49 is switched 
according to the output of the comparator 50 inputted into the input terminal of another side. Thereby, 
the bias current which flows to a solenoid coil 40 is reference voltage Vref. ON/OFF of the switching 
element 47 for bias current control are controlled to become the set-up desired value. In this case, the 
desired value (reference voltage Vref) of a bias current is set up so that the electromagnetic force of the 
valve-opening direction of the purge control valve 3 1 by the bias current may cancel mostly the 
clausilium force with the spring at the time of claus^lium. The bias current control circuit 46, and the 
bias current ON / off circuit 38 explained above furictiQ^ as a bias current control means as used in the 
field of a claim. 

[0023] On the other hand, the fail-safe circuit 39 consists of a malfunction detection circuit 53 which 
detects the abnormalities of the purge control circuit 33, a charge pump 54 which carries out the pressure 
up of the supply voltage (+B), and switching elements 55, such as MOSFET driven with this charge 
pump 54, and the switching element 55 is connected all over the energization circuit of a solenoid coil 
40. While the purge control circuit 33 is operating normally, a driving signal is outputted to the charge 
pump 54 from the malfunction detection circuit 53, the charge pump 54 drives, and a switching element 
55 is held at an ON state. And if the malfunction detection circuit 53 detects the abnormalities of the 
purge control circuit 33, the drive of the charge pump 54 will be stopped, a switching element 55 will 
turn off, and the energization to a solenoid coil 40 will be intercepted. In addition, the diode 52 for surge 
absorption is connected to the solenoid coil 40 at juxtaposition. 

[0024] With the operation gestalt explained above, while passing a fixed bias current to the solenoid coil 
40 of the purge control valve 3 1 by the bias current control circuit 46 Since a bias current is controlled 
so that the electromagnetic force of the valve-opening direction by the bias current cancels mostly the 
clausilium force with the spring at the time of clausilium As shown in drawing 4 (a), even if 
electromagnetic force (valve-opening force) changes with fluctuation of supply voltage, or change of 
coil temperature, a gap of the valve-opening timing of the purge control valve 31 can be lost mostly. For 
this reason, even if it judges the valve-opening timing of the purge control valve 31 from the duty signal 
Duty and amends fluctuation of the air-fiiel ratio by. purge control, it becomes possible to perform this 
air-fuel ratio amendment with a precision more sufficigftt than [referring to drawing 4 (b)] 
conventionally, and the emission and drivability at the time of purge control can be improved. And it is 
not necessary to carry out feedback control of the coil current in all fields, unlike a current control 
system, easy circuitry can be adopted, and the demand of low-cost-izing can be filled. 
[0025] In addition, although it set up with the above-mentioned operation gestalt so that the 
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electromagnetic force of the valve-opening direction by the bias current might cancel mostly the 
clausilium force with the spring at the time of clausilium, the electromagnetic force of the valve-opening 
direction by the bias current may be set as either, such as --, the clausilium force with the spring at the 
time of clausilium, for example, 90%, 80%, and 70%. A gap of the valve-opening timing of a solenoid 
valve decreases, so that from drawing 4 and the electromagnetic force of the valve-opening direction by 
the bias current approaches the clausilium force with a spring. Therefore, if it compares with [refer to 
drawing 4 (b)] conventionally even when the electromagnetic force of the valve-opening direction by the 
bias current is smaller than the clausilium force with the spring at the time of clausilium, a gap of valve- 
opening timing can be lessened and the valve-opening property of the purge control valve 3 1 can be 
improved. 

[0026] Moreover, at the above-mentioned operation gestalt, the clausilium condition of the purge control 
valve 3 1 is fixed time amount Td. While being able to avoid the increment in power consumption and 
coil temperature rise by the bias current in the clausilium of the purge control valve 3 1 since the bias 
current of a solenoid coil 40 was turned off by bias current ON / OFF circuit 38 when it continues 
above, the clausilium force with a spring can be used certainly and the purge control valve 3 1 can be 
certainly held in the clausilium condition. - ' ' 

[0027] In addition, although the condition that the bias current was turned off will continue with the 
above-mentioned operation gestalt until the start / fall edge of the output (signal which reversed the duty 
signal Duty) of a comparator 35 are detected after that once a bias current is turned off for example, 
when the bias current is turned off Before outputting the duty signal Duty from the microcomputer in the 
engine control circuit 32 The pulse for resumption of bias current energization is outputted, and after 
reversing the output of bias current ON / off circuit 38 high-level and resuming energization of a bias 
current by this pulse, you may make it output the duty signal Duty. 

[0028] Moreover, although diode 52 was used as a means to absorb the surge voltage by the solenoid 
coil 40, with the above-mentioned operation gestalt, it may replace with this and the surge absorber 
which used zener diode, a CR circuit, etc. may be used. Moreover, switching elements 42, 47, and 55 
may be replaced with MOSFET, and other switching elements, such as a bipolar transistor, IGBT, and a 
thyristor, may be used for them. 

[0029] In addition, this invention is applicable also to the control device of various kinds of solenoid 
valves which are not limited to the control device of a purge control valve, for example, are used for 
automobiles, such as an idle speed control valve (ISCV), and various kinds of solenoid valves used in 
addition to an automobile. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawin g 1 ] The circuit diagram showing the configuration of the purge control circuit in 1 operation 
gestalt which applied this invention to the evaporative gas purge system 

[Drawin g 2] The timing diagram which shows the voltage waveform of each part of a purge control 
circuit 

[Drawin g 3] Drawing showing roughly the evaporative gas purge structure of a system 

[Drawing 4] For (a), (b) is drawing showing the valve-opening property of the purge control valve in the 

operation gestalt of this invention, and drawing showing the valve-opening property of the conventional 

purge control valve. 

[Description of Notations] 

12 - An inlet pipe, 17 - A fuel tank, 21 - Evaporative gas purge system, 23 [ - Purge path, ] - A 
canister, 24 ~ Adsorbent, 26 - A canister lock out valve, 30a, 30b 31 - A purge control valve (solenoid 
valve), 32 - An engine control circuit, 33 - Purge eqnjfoj circuit, 37 - A duty control circuit, 38 - Bias 
current ON / off circuit (bias current control means), 39 [ ~ A bias current control circuit (bias current 
control means), 47 / - A switching element, 48 / - Current detection resistance, 53 / - A malfunction 
detection circuit, 55 / - Switching element. ] ~ A fail-safe circuit, 40 - A solenoid coil, 42 - A 
switching element, 46 

[Translation done.] 


S*4 ' 1 i. . 


http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 7/28/2006 


JP,2000-002357,A [DRAWINGS] 


Page 1 of 3 


* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 


DRAWINGS 


[Drawing 1^ 



GND 


40 WMY 


46 /vr^«««wpia*(/vr^«Kfi«iif®) 


[Drawing 2] 


http : //www4 . ipdl . ncipi . go . j p/cgi-bin/tran_web__cgi_ej j e 


7/28/2006 


JP,2000-002357,A [DRAWINGS] 


H 

L 
H 
L 

H 
L 
H 
L 

xjy?-y?m?42 OFF 

ON 

7*4yrs?m*41 0FF 


Duty 


Vth 



IULM1MJ 




32 


[Drawin g^ 


http : //www4 . ipdl . ncipi . go j p/cgi -bin/tran_web_cgi_ej j e 


JP,2000-002357,A [DRAWINGS] 


Page 3 of 3 


t 



0 20 40 60 80 100(%) 




1 

, I 

t 1 


20 

40 60 80 100(%) 


[Translation done.] 


http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 


7/28/2006 


